To describe the prevalence of preinjury warfarin use in a large national sample of trauma patients and to define the relationship between preinjury warfarin use and mortality.
W
ARFARIN IS A COMmonly used anticoagulant for the longterm management and prevention of thromboembolic events associated with atrial fibrillation, mechanical heart valves, deep venous thrombosis, pulmonary embolism, the antiphospholipid syndrome, and, occasionally, myocardial infarction. The prevalence of warfarin use in the United States is unknown, but the Food and Drug Administration estimates that more than 31 million prescriptions for warfarin were written in 2004 (http://www .fda.gov). Bleeding complications represent the most well-known and feared complications of anticoagulation with warfarin. A number of studies have documented the annual risk of bleeding complications leading to major morbidity and mortality associated with warfarin. [1] [2] [3] What is unknown is the prevalence and implications of warfarin use among injured patients with a variety of diagnoses across a spectrum of trauma centers.
To our knowledge, no large multicenter trial has previously documented the prevalence of warfarin use among injured patients or its impact on mortality. A number of small retrospective studies have described the relationship between preinjury warfarin use and outcomes after trauma, particularly among patients with intracranial hemorrhage. Many of these studies suggest a direct relationship between preinjury warfarin use and mortality, [4] [5] [6] [7] [8] [9] but other studies report no difference in outcome. [10] [11] [12] All of these published studies are retrospective cohorts, and many are limited by small sample sizes and differential distributions of important covariates among warfarin users and control patients. One large multicenter database study demonstrated an increased risk of mortality from preinjury warfarin use before intracranial hemorrhage, but this study was limited to elderly patients who had fallen. 9 To account for confounders, Grandhi et al 13 used propensity scores to establish pseudorandomization and detected a higher mortality rate in preinjury warfarin users (39% vs 23%; P= .04).
Even if one assumes a relationship between warfarin use and increased mortality, it remains uncertain as to whether the increased mortality is due to preinjury anticoagulation or if warfarin use serves as a marker for comorbidities that contribute to worse outcomes. Our objective was to describe the national prevalence of preinjury warfarin use among patients presenting to a sample of US trauma centers and to describe the use-specific risk of mortality associated with warfarin. We hypothesized that the preinjury warfarin use would be independently associated with worse outcomes after trauma. To our knowledge, this is the first study that details preinjury warfarin use and its use-specific mortality after trauma across of large number of US trauma centers.
METHODS

STUDY DESIGN AND DATA SOURCE
We conducted a retrospective cohort study of trauma centers submitting data to the National Trauma Databank (NTDB) from 2002 to 2007. The NTDB is a large aggregated database with nearly 2 million individual deidentified records about trauma incidents from more than 770 voluntarily participating trauma centers across the United States and Puerto Rico. The registry is administered by the American College of Surgeons and aims to inform the medical community and policy makers about a wide variety of issues that characterize the current state of care for injured persons (https://www .ntdbdatacenter.com). The data set consists of 14 separate files. It contains patient-level data for each patient's demographics, mechanism of injury, procedures, hospital course, complications, and outcomes, as well as facility-level data for each hospital's type, size, and region.
PATIENT SELECTION AND DEFINITIONS
Eligible patients included all patients admitted to eligible trauma centers during the study period. Eligible trauma centers included all trauma centers contributing to the NTDB who submitted data for at least 1 comorbidity code during the 2002 to 2007 study period. Each data element of the NTDB is voluntary, and many centers choose not to submit information on comorbidities. Since this field is required for classification of warfarin use, centers not submitting at least 1 comorbidity code were excluded. Individual patients were excluded if they were younger than 16 years since children typically lack indications for long-term anticoagulation and their inclusion would falsely lower the prevalence of warfarin users presenting to adult trauma centers. Patients were classified into the warfarin users group if they had "Coumadin use" listed in the comorbidity field. Patient age, sex, and comorbidities as well as injuryspecific information were also obtained from the NTDB.
The primary outcome of interest was the prevalence of warfarin use among eligible trauma patients represented in the NTDB and all-cause in-hospital mortality. The proportion of patients classified as warfarin users was reported for all patients and for those older than 65 years. These proportions were also stratified by year of discharge. Mortality odds were reported for all patients and those older than 65 years and adjusted for clinically important covariates. Secondary outcomes of interest included injury mechanisms, severity and patterns, hospital length of stay, intensive care unit length of stay, and injury-specific mortality.
STATISTICAL ANALYSIS
Normally distributed continuous variables are summarized by the mean and standard deviation and compared using the t test. Nonnormally distributed continuous variables are summarized by the median and interquartile range and compared using the Wilcoxon rank sum test. Proportions are compared using the 2 test. Univariate and multivariate logistic regression was used to estimate the odds of mortality associated with warfarin use. Multivariate models were constructed by including clinically relevant variables that were found to be differentially distributed in the univariate analysis (PϽ.05). The NTDB contains completely deidentified data and the Vanderbilt University institutional review board granted exemption status for this project.
RESULTS
During the study period, 770 trauma centers submitted data on 1 926 245 patients to the NTDB. At least 1 comorbidity code was reported by 402 centers (52%). These centers accounted for 1 416 708 patients (73%). The excluded trauma centers were primarily state-designated level IV centers or had missing information regarding center designation. Of the 1 416 708 patients from eligible centers, 186 286 patients (13%) and 35 warfarin users (Ͻ0.01%) were excluded because of a reported age younger than 16 years. In total, the eligible cohort included 52% of centers, 64% of patients, and more than 99% of warfarin users.
THE PREVALENCE OF WARFARIN USE IN US TRAUMA CENTERS
Of the 1 230 422 eligible patients, 36 270 patients (3%) and 26 841 patients older than 65 years (9%) were classified as warfarin users. The proportion of patients classified as warfarin users increased from 2.3% (2002) 
DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PREINJURY WARFARIN USERS
The demographic and clinical characteristics of all patients by warfarin use are summarized in Table 1 . Preinjury warfarin use is a function of age, with the prevalence increasing dramatically between the ages of 45 and 70 years (Figure 2) . Warfarin users were also more likely to be female and non-Hispanic white and to have a number of comorbidities, including coronary artery disease, congestive heart failure, dialysis dependence, nonemphysematous pulmonary disease, hypertension, diabetes mellitus, and obesity. These patterns persisted when stratifying for age older than 65 years ( Table 2) .
Among all patients, warfarin users were more likely to have blunt mechanism injuries (87% vs 96%; PϽ.001) and were more likely to sustain these injuries in the home or in residential institutions. They were less likely to sustain injuries on streets or highways ( Table 3) . As a group, warfarin users had more severe injuries as compared with non-warfarin users (median Trauma-Related Injury Severity Score, 0.99 for nonusers and 0.97 for warfarin users; PϽ.001 and mean Injury Severity Score of 10 for nonusers and 11 for warfarin users; PϽ.001). Warfarin users were more likely to present with an intracranial hemorrhage (2.8% vs 5.0%; PϽ .001 for all patients and 4.0% vs 5.3%; PϽ.001 for patients Ͼ65 years). Among all patients, warfarin users were less likely to be classified as having a severe head injury (Glasgow Coma Scale score of Ͻ8 on presentation) if an intracranial hemorrhage was present (27% vs 16%; PϽ.001 for all patients), but there was no difference in severity for patients with intracranial hemorrhage who were 65 years or older (16% vs 15%; P =.27).
THE RELATIONSHIP BETWEEN PREINJURY WARFARIN USE AND MORTALITY
Among all patients, 9.3% of warfarin users died compared with only 4.8% of nonusers (odds ratio [OR], 2.02; 95% confidence interval [CI], 1.95-2.10; P Ͻ .001). Because of the significant relationship between age and war- farin use, we stratified these unadjusted ratios by age. For patients younger than 65 years, the OR for death of warfarin users was 1.51 (95% CI, 1.38-1.65; P Ͻ.001). For patients older than 65 years, the OR was 1.41 (95% CI, 1.36-1.47; PϽ.001). These unadjusted mortality odds suggest that whether or not warfarin use has a mechanistic link to increased trauma mortality, its use indicates a constellation of demographic and clinical characteristics that collectively increases the odds of death in all patients taking warfarin. Among all patients with intracranial hemorrhage (n=34 920), warfarin users had a significantly increased mortality as compared with nonusers (22% vs 18%; OR, 1.30; 95% CI, 1.15-1.45; P Ͻ.001). However, among patients 65 years and older with intracranial hemorrhage (n=12 180), there was no difference in mortality by warfarin use (23% for nonusers and 24% for users; P = .67). The most significant difference between warfarin groups in patients with intracranial hemorrhage was among younger patients with an intracranial hemorrhage classified as severe. Among these patients, 51% of warfarin users died while only 37% of nonusers died (PϽ.001).
As evidenced by the univariate analysis, warfarin use is associated with a number of demographic and clinical characteristics that are known to be related to trauma mortality. To adjust for potential confounding, we created a multivariate logistic model using demographic and clinical characteristics (comorbidities) determined to be related to warfarin use in the univariate analysis. The most parsimonious model adjusted sex, age, Trauma-Related Injury Severity Score, race, chronic obstructive pulmonary disease, nonemphysematous pulmonary disease, coronary artery disease, dialysis dependence, and treatment facility ( 
COMMENT
Warfarin is a commonly used anticoagulant and its use among trauma patients has become increasingly significant. These data provide an important estimate of the prevalence of preinjury warfarin use among patients treated at centers submitting data to the NTDB. Not only is preinjury warfarin use common among these patients-particularly those 65 years and older-its use is also increasing. Warfarin use is primarily a function of age, but it is also associated with a number of comorbidities in younger patients as well. Understanding the relationship between preinjury warfarin use and trauma outcomes and how to mitigate its adverse effects in the injured patient becomes of critical importance.
These data support other reports that suggest that patients who undergo preinjury anticoagulation with warfarin are at increased risk of death after trauma. [4] [5] [6] [7] [8] 14 Among all patients and injury patterns, warfarin use is associ- Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; TRISS, Trauma-Related Injury Severity Score.
a Rejected variables included history of cardiac surgery (P = .58), insulin-dependent diabetes (P = .22), non-insulin-dependent diabetes (P = .37), obesity (P = .30), congestive heart failure (P = .45), and hypertension (P = .62). The exclusion of these variables changed the OR estimate of death associated with warfarin use by less than 3%.
b Asian race was arbitrarily set as the reference race. c Four hundred two centers nominally labeled, OR not interpretable.
ated with a 2-fold increase in mortality. While stratification for age and injury pattern reduced the magnitude of this association, warfarin use remains a significant independent risk factor for death from injury. The most profound impact is among younger patients with head injuries. While older patients with severe head injuries have high mortality rates whether or not they are warfarin users, preinjury warfarin use increases the mortality from severe head injury by 50% in patients younger than 65 years. Whether warfarin plays a mechanistic role in adverse outcomes or serves as a marker for a comorbidity constellation that leads to worse outcomes cannot completely be settled via retrospective studies. In these data, the relationship between increased mortality and death persisted after controlling for covariates available in the NTDB. Whether there are other unmeasured confounders that account for these findings rather than warfarin use is unknown. Pieracci et al 8 reported that the degree of anticoagulation as measured by the international normalized ratio rather than warfarin use itself predicted adverse outcomes. This would suggest that warfarin does indeed play a mechanistic role. Possible mechanisms of the association between preinjury warfarin use and death include exsanguination or worsening injury patterns due to coagulopathy, complications due to increased rates of blood product transfusions, and other thromboembolic complications associated with the reversal of anticoagulation.
The best method of warfarin reversal is controversial, and there are few published studies to guide best practice. Options include vitamin K administration, fresh frozen plasma, cryoprecipitate, prothrombin complex concentrate, 14 factor IX complex, 15 and factor VIIa. 16 Published studies of various reversal methods are limited by small sample sizes and lack of control groups. At least 1 study suggests that an established protocol reduces the time to international normalized ratio correction, but the implications on outcomes are uncertain. 14 The strengths of this study include the large number of patients and centers available for analysis in the latest version of the NTDB. These data provide a broad view of US trauma centers contributing to the NTDB and allow for generalization of these results. Despite these strengths, there are a several limitations. First, only patients presenting to trauma centers participating in the NTDB were eligible for inclusion in this study; this introduces the potential for selection bias, though these eligibility criteria should be nondifferential with respect to warfarin use. Also, a known source for potential bias is the varying rates of reporting procedures and diagnostic and comorbidity codes by individual centers. We have attempted to minimize this bias by including only centers that report at least 1 procedure code and at least 1 diagnosis or comorbidity code. 17 While the proportion of patients classified as warfarin users appears to have external validity, other common comorbidities appear to be undercoded. Another important limitation of this study is the inability to classify users of other antiplatelet and anticoagulant agents since these data are not available in the NTDB. Since the presumed mechanistic impact of warfarin on trauma outcome is coagulopathy, patients not classified as warfarin users may use antiplatelet agents that introduce this same mechanism, thereby underestimating the effect of warfarin. Conversely, warfarin users may also use antiplatelet agents and differential outcomes could be a result of these drugs rather than warfarin. Other large national databases containing information regarding the use of antiplatelet agents lack the injury-specific data present in the NTDB and therefore are unlikely to substantially aid in answering this question. Another limitation of this study is the inability to assess the degree of anticoagulation or compliance with outpatient warfarin therapy. Patients classified as warfarin users may have been former users of warfarin or subtherapeutic at the time of presentation.
Despite possible limitations, these data have several important implications for the use of warfarin in patients at risk for trauma and injured patients presenting as warfarin users. Warfarin prescribers should consider these data in the overall risk-benefit analysis when opting to prescribe warfarin, and these data provide further rationale for discontinuing warfarin when the clinical evidence no longer supports its use. For trauma centers treating patients who present as warfarin users, these data should highlight the importance of seeking an accurate history of warfarin use and its indication, as well as the immediate initiation of its reversal. Centers should also develop and implement protocols for reversing warfarin after injury in a way that minimizes morbidity, mortality, and costs.
